B
ehavior modification is a key strategy that may prevent a large number of primary and secondary cardiovascular events (1) . Suboptimal diet was responsible for an estimated 1 in 5 premature deaths globally from 1990 to 2016 (2) .
Observational studies of human diet and health outcomes are challenging due to difficulties in measuring dietary intakes (3) and potential problems with generalizability and confounding (4) . Although randomized trials provide stronger potential for causal inference, they typically have small sample sizes, short durations of follow-up, noncompliance, high attrition rates, and ethical constraints (5).
Thus, current dietary recommendations are based on a combination of human observational and intervention trial evidence supplemented by findings from mechanistic studies (6).
In the present review, we first summarize the current state of knowledge regarding various food groups and nutrients. Subsequent sections explore factors driving individual food choice, where preventive action can be implemented, and what potential roadblocks may hinder progress.
PATHOPHYSIOLOGICAL EFFECTS OF DIETARY COMPONENTS
The Central Illustration demonstrates the prevention of cardiovascular disease (CVD) and disease risk factors through a healthy eating pattern. Current evidence suggests that the impact of dietary composition is relatively consistent for primordial, primary, and secondary prevention of CVD with certain dietary factors that reduce CVD incidence also being important for secondary prevention among myocardial infarction (MI) survivors.
EXCESS CALORIC INTAKE.
Healthy eating is based on maintaining caloric balance. A large body of published reports supports calorie restriction for cardiometabolic benefit, specifically for improvements in insulin sensitivity, blood glucose, and inflammation (7). Chronic positive energy balance leads to overweight and obesity, the details of which are discussed in a separate paper in this series. For most people, significant and sustained weight loss through dieting is extremely difficult, and the majority of weight loss trials feature high degrees of dropout and noncompliance due to the difficulty of long-term caloric restriction (8). Emerging evidence suggests that dietary composition and overall diet quality are important for minimizing overconsumption, and that low-carbohydrate and Mediterranean diets are superior to low-fat diets in maintaining weight loss (9).
Some, but not all, trials that examine macronutrient composition for weight loss reported greater longterm benefit for individuals consuming higher amounts of protein and fat compared with those who consumed higher amounts of carbohydrates (10-12). Figure 1 shows the summary estimates from various meta-analyses of key individual foods and food groups, and dietary patterns with CVD. The failure of most supplementation trials to detect significant reductions in risk among healthy populations (13) has led to dietary recommendations primarily based on eating whole food items and maintaining high-quality diets.
FOODS AND FOOD GROUPS.
Intake of total fruits and vegetables has been inversely associated with CVD risk (14) . However, benefits for subgroups have been less studied, and may vary considerably. Various phytochemicals and micronutrients such as folate, potassium, fiber, and flavonoids found in fruits and vegetables are hypothesized to be responsible for the observed benefits (15) . Potatoes have been viewed with skepticism due to their high starch content; higher potato intake, especially from French fries, has been associated with greater risk of hypertension, type 2 diabetes, and coronary heart disease (CHD) risk (16) (17) (18) .
Whole grain intake is associated with a substantially lower risk of CVD, whereas refined grain intake is suggestive of an increased, but nonsignificant, association (19) . The bran and germ layers, present in whole grains, but removed from refined grains, are rich in fiber, lignans, micronutrients, fatty acids, and other phytonutrients (20) . Depletion of these nutrients during the milling process partially explains why whole grain consumption is generally related to higher satiety and a lower glycemic response compared with refined grains (21) .
Marine fish is rich in long-chain omega-3 fatty acids, which are thought to reduce arrhythmias, thrombosis, inflammation, blood pressure, as well as favorably modify the lipid profile (22) . A metaanalysis suggests that a 15-g/day increment in fish intake is associated with a hazard ratio (HR) of 0. Nuts and legumes are beneficial through their high unsaturated fat, fiber, micronutrient, and phytochemical content (24) . A meta-analysis of 25 observational studies found that a 4 serving/week increase in nut intake was associated with a HR of 0.76 (95% CI: 0.69 to 0.84) for fatal CHD and a HR of 0.78 (95% CI: 0.67 to 0.92) for nonfatal CHD (24) . Small intervention studies have reported lower total cholesterol, lowdensity lipoprotein cholesterol, apolipoprotein B, and triglycerides among those randomized to consuming tree nuts compared with the control arms (25 (27) . Potential benefits of fermented dairy may be due to its probiotic content (28) . Intake of processed meat (i.e., hamburgers, hot dogs, deli meats) has been shown to increase the risk of CVD in a robust linear fashion (29, 30) . Higher consumption of unprocessed red meat has also been associated with increased risk of CVD mortality (29) . Replacing processed and unprocessed red meat with other sources of protein such as fish, poultry, and nuts was associated with lower incidence of CHD (31) . Lowcarbohydrate diets high in animal protein and fat were associated with higher risk of total and cardiovascular death among MI survivors (32) . Important bioactive molecules in red meat include heme iron, sodium, nitrates, and L-carnitine that may lead to significant elevations in blood pressure, worsening oxidative stress, greater lipid peroxidation, and unfavorable alterations of the gut microbiome (33, 34) .
BEVERAGES.
Alcohol is related to CVD risk in a Ushaped relationship, with both abstainers and heavy drinkers having an increased risk compared with moderate drinkers (35) . The exact nadir of risk differs according to age, sex, ethnicity, and baseline disease (36) , but the consistent observation is that individuals who consume 1 to 2 drinks a day have the lowest risk (37) . Moderate alcohol intake has been shown to increase high-density lipoprotein cholesterol, apolipoprotein A1, and adiponectin, and decrease fibrinogen levels (38, 39) .
Higher consumption of sugar-sweetened beverages (SSBs) has been associated with risk of CVD in a dosedependent relationship (40) . This association is partially mediated by an increase in body weight; high intake of liquid calories does not seem to reduce later intake of solid foods (41) . Independent of weight change, intake of SSBs increases postprandial blood glucose and insulin concentrations through a high glycemic load, as well as confer adverse effects on fat deposition, lipid metabolism, blood pressure, insulin sensitivity, and lipogenesis (42) .
Regular consumption of coffee has been consistently associated with lower risk of CVD, with the greatest risk reduction occurring at around 3 to 5 cups per day conferring an 11% lower risk (43) . Avoiding excess calories is an integral part of halting the development of cardiovascular disease risk factors (i.e., primordial prevention). Unfavorable eating patterns are driven by a variety of biological, social, economic, and psychological factors, and a robust intervention from all levels of society may steer populations toward a healthier diet and prevent disease progression. Diet and other lifestyle changes remain crucial steps in primary and secondary prevention of cardiovascular disease, although the relative importance of medication and clinical procedures increases over time with disease progression. CVD ¼ cardiovascular disease; SSB ¼ sugar-sweetened beverage.
Yu et al.
Index (AHEI), and DASH (Dietary Approaches to Stop
Hypertension) diet score, as well as exploratory methods including principal component analysis and cluster analysis (47) . Holistic evaluation of the diet is useful because it captures potential food and nutrient interactions that studies of single nutritional items cannot (48) .
Individual diet indices differ in their components
and weighting, but most emphasize high intake of fruits and vegetables, whole grains, nuts; moderate intake of low/nonfat dairy and alcohol; and low intake of sodium, processed meats, added sugar, and saturated fat (49) . In the WHI (Women's Health Initiative) study, high Healthy Eating Index, AHEI, Alternative Mediterranean diet, and DASH scores were consistently associated with around a 20% reduction in CVD mortality (50) . Sotos-Prieto et al. (51, 52) reported that improvement in these scores was also associated with lower risk of total and CVD mortality in 2 large cohorts. Similar findings have been observed among MI survivors. Li et al. (53) found that a greater increase in the AHEI score from pre-to post-MI was significantly associated with lower all-cause and cardiovascular mortality, and Lopez-Garcia et al. (54) found that adherence to a High amounts of processed meat, SSBs, and refined grain consumption are associated with greater CVD incidence; moderate coffee and alcohol intake, and high fruit/ vegetable, dairy (low-fat), whole grain, fish, and nut intake are associated with lower incidence. High adherence to Mediterranean, DASH, AHEI, and Prudent dietary patterns are significantly predictive of lower CVD incidence. AHEI ¼ Alternative Healthy Eating Index; CHD ¼ coronary heart disease; CI ¼ confidence interval;
CVD ¼ cardiovascular disease; DASH ¼ Dietary Approaches to Stop Hypertension; MedDiet ¼ Mediterranean diet; RR ¼ risk ratio; SSB ¼ sugar-sweetened beverage.
Yu et al. Dietary fiber has been consistently demonstrated to lower risk of CVD and improve cardiovascular risk factors in both observational (67) and dietary intervention studies (68, 69) . In a meta-analysis of 22 cohorts, a 7-g/day increase in fiber intake was associated with a 9% decrease in CHD incidence (67) .
Intake of fiber, particularly cereal fiber, has also been shown to reduce all-cause mortality among MI sur- Lack of nutrition knowledge has been suggested as a contributor to poor diet (86), particularly among
low-income or minority populations (87, 88) , and in low-income countries (89, 90) , where access to education is limited. However, most individuals in highincome countries appear to possess a reasonable level of nutritional knowledge, with elements such as fruits and vegetables being widely recognized as healthy and highly processed grain products, added sugar, and salt as unhealthy (91) . In a large European study of 14,331 participants, lack of knowledge was not cited as a common barrier to healthy eating (92) .
On the other hand, lack of availability of healthful foods has been identified as a potential driver of unhealthy eating. "Food deserts" refers to areas with long distances to supermarkets and low access to fresh foods, whereas "food swamps" refers to areas with an abundance of unhealthy processed and fast foods (93, 94) . This simultaneous availability of cheap, low-quality food and expensive or lack of availability of high-quality food can drive individuals to choose unhealthy eating options (95, 96) . These elements together create an obesogenic environment that can lead to excess adiposity and subsequent cardiometabolic disease (97) .
Price is an important roadblock to better eating. 
ROLE OF PREVENTIVE ACTION

SUMMARY AND FUTURE DIRECTIONS
CVD is a global health concern amenable to behavior 
